A catabolite repression-resistant mutant of the thermophilic actinomycete Thermomonospora curvata was obtained by treatment with ethyl methanesulfonate and UV light. Cellulase biosynthesis was undiminished by glucose, 2-deoxyglucose, or alpha-methyl glucoside, which are potent repressors in the wild type. Intracellular cyclic AMP levels were higher in the mutant in both the absence and the presence of repressors.
107. After another 5-day incubation period, any survivor producing a colony surrounded by a zone of cellulose clearing was transferred to 100 ml of CMS supplemented with 0.01% yeast extract. Cultures exceeding 0.25 filter paper units per ml during daily testing for 5 days at 53°C in * Corresponding author.
shake culture were serially transferred in the same system to test for stability. The filter paper assay was performed according to the standardized procedure of Mandels et al. (10) ; pH and temperature of reaction were 6.2 and 65°C, respectively.
The mutant described here has been designated G-11; it has been the most stable of the ca. 30 mutants we have selected from over 1,200 colonies arising on 2DG-containing CMS agar. In our comparison of mutant G-11 with the wild type, we measured dry cell weight accumulation (determined as insoluble nitrogen as previously described) (22) , soluble protein by the Bradford dye-binding method (3), endoglucanase (EG) activity on carboxymethyl cellulose (23) , filter paper activity, and soluble sugar in culture fluid by the Bernfeld method (1) . Table 1 summarizes the maximum values of these products observed for the wild type and mutant G-11 during a 3-day shake culture. In the absence of added repressors in liquid culture, cellulase production of G-11 was only about 15 to 40% better than that of the wild type on cotton fibers or on filter paper powder (a cellulosic substrate less resistant to degradation) (8, 25) . With the exception of increased cellulase activity, values for the G-11 mutant and the wild type were quite similar. However, when the cultures were cultured in the presence of repressors added to CMS, the similarity ended. When either 2DG or alpha-methyl glucoside (aMG), another potent cellulase repressor (11) , was present at the time of inoculation, cellulase production of the wild type was reduced by ca. 60 to 80% during 3 days in shake culture at 53°C. Since growth is dependent on cellulase activity in CMS, a decrease in cellulase biosynthesis was also reflected in decreased growth of the wild type in the presence of the cellulase repressors. In contrast, cellulase production by the G-11 mutant appeared to be stimulated by the presence of low concentrations of 2DG (1 to 2 mM) and only slightly inhibited by the presence of 5 mM aMG (Table 2) . G-11 growth also appeared unaffected. It should be noted that in the absence of repressors, G-11 cultures lagged noticeably behind wild-type cultures in every respect.
We did some kinetic studies to determine the time required for diminution of cellulase secretion rates by repressors in wild-type T. curvata growing in CMS. In these studies we measured only EG activity, since addition of soluble sugars to the cultures increased the color in the filter paper assay blank above acceptable levels. In CMS, cellulase biosynthesis was maximally induced and accumulated in the culture fluid at approximately linear rates during early exponential growth. If production ceased, cellulase activity decreased at the rate of ca. 6%/h in shaken culture fluid at 53°C (data not shown). When a non-metabolizable repressor such as 5 mM cxMG was added to a wild-type culture, the inhibitory effect on both cellulase activity and extracellular protein was apparent within 2 to 3 h after addition; within 20 h, a complete cessation of cellulase biosynthesis occurred ( Fig. 1) . When a readily metabolizable cellulase repressor such as 10 mM glucose was added, a doubling of growth rate was observed (data not shown). However, cellulase secretion stopped until the glucose was depleted in the medium, and then the rate resumed at a lower level (Fig. 2) . In G-11 cultures, addition of 10 mM glucose stimulated growth, whereas addition of 2DG had no apparent effect on the slow growth rate in CMS (Fig. 3a) . However, in contrast to the wild-type response. both sugars caused an immediate stimulation of cellulase secretion (Fig. 3b) due to its addition to G-11 cultures growing in CMS. If 2DG
were metabolizable in G-11. the effect seen in Fig. 3b might be explained as a sequence of effects correlated to shifting levels of 2DG-derived products in the cells. The repression resistance of mutant G-11 to metabolizable glucose repressors may be due in part to its ability to maintain its cyclic AMP (cAMP) levels. The evidence supporting the currently accepted model for the mechanism of enzyme biosynthesis control by cAMP in procaryotes has been recently reviewed (2) ; cAMP acts through a cAMP receptor protein (CRP). The CRP is a dimer having two identical subunits each capable of binding one molecule of cAMP. The CRP has two distinct domains. The N-terminal portion binds to cAMP, and the C-terminal portion binds to DNA. In the presence of cAMP, the CRP undergoes an allosteric configuration change which results in preferential binding to specific portions of DNA near the promoter regions of cAMP-dependent operons. This binding enables RNA polymerase to bind and initiate transcription at a second distinct site 30 to 50 nucleotides distal to the CRP binding region. Rapidly metabolizable substrates such as glucose lead to increased ATP levels and lowered cAMP levels, a shift which represses cAMP-dependent operons.
To test the relationship of cellular cAMP levels to rates of cellulase biosynthesis. we extracted cAMP from 5-mI samples of both wild-type and G-11 cells before and after glucose addition to cellulose-grown cultures. Our extraction procedure was essentially that described by Hylemon and Phibbs (9). Since T. (ur-vtil produces the clumping growth characteristic of many actinomycetes. we sonicated cells for 10 s during the extraction procedure by using the microtip of an Ultrasonics Inc. Model W-220F to provide a confluent suspension. The extracted cAMP was measured by the method of Gilman and Murad (7) . The clumping growth of 7.
(urvatal and the presence of insoluble cellulose make precise intracellular cAMP measurements especially difflicult. Therefore, we took at least four samples during a 4-to 6-h period before and after glucose addition. When we measured cAMP levels (expressed as picomoles of cAMP per milligram of dry cell weight) in the experiment shown in Fig. 2  and 3 . we obtained the data shown in Table 3 . The range and average of cAMP levels in mutant G-11 appeared to be slightly higher than those in wild-type cells when measured under conditions of cellulase induction. The addition of 10 mM glucose to wild-type cultures reduced the intracellular cAMP concentrations levels by ca. 70%, whereas in mutant G-11, the glucose reduced cAMP concentrations to levels comparable to those of the wild-type in the induced state.
The mechanism of induction and repression of cellulase biosynthesis remains unknown. The roles of glucose. cellobiose, sophorose. and other soluble sugars as repressors or inducers of cellulase biosynthesis vary from organism to organism. For example, sophorose is a good inducer of endoglucanase in Trichoderma r-eesei (18) . whereas in AcXtivibrio cellilolNticits, it represses endoglucanase production as efficiently as glucose (17) . Cellobiose is an excellent inducer in Neuiiospor-i crassa (4) and Sporotarichlim pi)ulcrilentum (5), but is a relatively poor inducer in Trichoderma spp. when compared with sophorose (5). In T. curvata, cellobiose induces only ca. 30% as much endoglucanase on cellobiose than does a resistant cellulose substrate (22) , whereas in another Thermomonospora species, cellobiose appears to be as good an inducer as cellulose (15) . Clearly, studies at the molecular level are needed to resolve these inconsistencies and to determine whether cyclic nucleotides are the major regulatory effectors in cellulase biosynthesis.
The potential for G-11 in industrial applications is as yet undetermined; it grows more slowly than wild-type T absence of the repressors. Its major merit may be its usefulness as a model for the study of cellulase induction and repression compared with the wild type. In this regard, we are currently comparing phosphodiesterase and adenyl cyclase levels in mutant G-11 to those of the wild type. We are also testing the effects of 2DG on rates of cAMP synthesis and excretion to explore the mechanism by which it represses cellulase biosynthesis.
